In the present study rabbits were immunized with insulin preparations of various degrees of purity. Antibody formation was determined by Boyden's haemagglutination method (Boyden 1951 
with sera from all groups. Thus it was shown that antibodies were also formed in rabbits immunized with even the most purified insulin preparation. Antibody formation was, however, most pronounced in those rabbits which had been vaccinated with the most impure insulin preparation. By continuous paper electrophoresis the purest of the insulin preparations used for immunization could be separated into two fractions. The slowest migrating fraction tested by the haemagglutination test showed a weak but positive reaction indicating traces of impurities. Thus, although the possibility of a cross reactivity between insulin and the impurities demonstrated cannot be rejected, the results obtained do not allow of any definite decision on this question. The negative inhibition with the purest insulin preparation, however, suggests that there is no common antigenicity.
Insulin antibodies are defined as proteins of a globulin character which are formed in the living organism in response to the injection of insulin and which react specifically with insulin. Both in man and animals it has been possible by various means to demonstrate the formation of antibodies following the injection of insulin preparations (Berson et al. 1956 ; Moloney 8c Goldsmith 1957; Lapresle 8c Grabar 1957). Even crystalline insulin preparations, how-ever, must be regarded as mixtures of various modified forms of insulin and containing traces of impurities (Harfenist 8c damage to the insulin was reduced. After passage through the column, the absorption at 254 µ by means of an LKB Uvicord and the radioactivity was continuously re¬ corded. This recording made it possible to control the distribution of the radioactivity between I-insulin and I- (Fig. 2) .
The I-insulin fraction was collected in a manually controlled fraction collector. The protein loss during gelfiltration was about 5 %>. With the amount of insulin used the radioactivity in the iodide fraction was, for unknown reasons, greater than in the insulin fraction. This deviation from the theoretical value 1:1 could in some prepara¬ tions be even more pronounced than shown in Fig. 2 4:1:5) after enzymatic hydrolysis. 50 µ of the hydrolysate were applicated. Carrier amounts of 3-monoiodotyrosine and 3,5-diiodotyrosine were added to the hydrolysate (Fig. 3) 
Agar electrophoresis
Agar electrophoresis and scanning for radioactivity were performed as described by Deckert (1964) using the above mentioned device for scanning the radioactivity. An amount of 5 µ was applied of a mixture consisting of serum and insulin solution in the proportion 10:1 incubated at 37°C for 15 minutes. The insulin concentration was 0.4 µg/ml serum. The electrophoresis was done in veronal buffer, /; 8.6, ionic strength 0.1. As the scanning in these experiments was done after fixation in 4 "In acetic acid and drying with filter paper, the ratio between free and bound insulin is too low due to a somewhat greater loss of free insulin than antibody bound insulin.
Testing of insulin sensitivity
All rabbits were tested for insulin sensitivity, both before immunization and 10 days after its termination. The purest of the insulin preparations, C-insulin, was used for testing. C-insulin with a Zn++ content of 0.53% was dissolved in 20 ml of barbituric acid buffer, pu 8.6, ionic strength 0.02, and fractionated in a Spinco model CP, 780-800 volts, 44 mA constant, in a refrigeration room at 4°C. Prior to fractionation, the paper was washed with 10 1 buffer which was drained off. During the electrophoresis, the buffer was re-cycled. The rate of application of the insulin solution was 0.5-0.6 ml/h.
RESULTS
With the haemagglutination method, antibodies could be demonstrated in rabbits vaccinated with A-and B-insulin, but not in rabbits vaccinated with C-insulin (see Table 2 ). Furthermore, no reaction could be demonstrated between C-insulin and the antibodies formed. These results were confirmed by the inhibition technique (see Table 3 ).
The electrophoretic investigations showed that all three groups contained sera which could bind li!1I-insuhn to beta-gamma-globulins which was not the case before immunization. The binding was greatest in serum from the two groups of rabbits which were vaccinated with the most impure insulin prepara¬ tions and which gave a positive reaction in the haemagglutination method (see Table 2 ).
Immunization involved no reduction in the insulin sensitivity. By continuous paper electrophoresis it was found possible to fractionate C-insulin into two clearly separated fractions (see Fig. 6 ).
The most rapidly migrating fraction contained [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] Table 2 ).
The difference in sensitivity could also be due to the use of diluted serum in the haemagglutination method, while practically undiluted serum was used for the electrophoresis. Dilution is, however, necessary if non-specific agglu¬ tinations are to be avoided.
Other conditions than the above might also reduce the sensitivity of the haemagglutination method. In the electrophoretic methods the demonstration of antibody occurs at pa 8.6 and with iodinated insulin, but no positive haem¬ agglutination reaction could be obtained, even if the reaction proceeded at pu 8.6 in barbituric acid-buffered 0.9 % NaCl with C-insulin as antigen.
Similarly, A-insulin, which otherwise gives a strongly positive reaction, was also negative at this pa. Moreover, the use of 127I C-insulin as antigen instead of non-iodinated C-insulin did not lead to positive results under the usual conditions.
The inactivation of serum at 56°C for 30 minutes was shown to have no significance in the reaction between insulin and insulin antibody with the electrophoretic methods. Finally, the possibility cannot be excluded that the absorption of antigen onto the erythrocytes may have an inhibitory effect on the reaction with the antibody.
In order to obtain reactions in the electrophoretic determinations due to a cross reactivity between insulin and impurities, these would have to be present in the purest of the insulin preparations used for the immunization, i. e. Cinsulin.
The prerequisite for assuming that the positive reaction in the electrophoresis experiments with K9.12 sera originates from a cross reactivity between the insulin and impurities is thus satisfied.
Thus the investigation has not enabled us to decide whether it is the insulin itself which is antigenic, or if it is exclusively the impurities which cause the formation of antibodies with which the insulin can then cross-react. The fact that up to 45% of the iodinated preparation could be bound to the antibodies, excludes the possibility that the reaction takes place mainly between the impurities in the preparation and the antibodies. This argument naturally pre¬ supposes that the impurities are not iodinated to a considerably higher degree than the insulin, nor does this appear to be the case.
Subsequent studies using isolated impurities and highly purified insulin have shown, however, that the first explanation is the correct one (Deckert, to be published).
